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Definition of risk factors: human categorization
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Abstract
A debate has arisen regarding the validity of racial/ethnic categories for biomedical and genetic
research. Some claim ‘no biological basis for race’ while others advocate a ‘race-neutral’ approach,
using genetic clustering rather than self-identified ethnicity for human genetic categorization. We
provide an epidemiologic perspective on the issue of human categorization in biomedical and
genetic research that strongly supports the continued use of self-identified race and ethnicity.
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Rationale for the genetic categorization of
humans
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Figure 1
The evolutionary tree of human races. Population genetic studies of
world populations support the categorization into five major groups, as
shown. See text for further details.
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Are racial differences merely cosmetic?
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Common versus rare alleles
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Admixture and genetic categorization in the United
States
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Table 1
Allele frequency differentiation of drug metabolizing enzymes on the basis of “genetic clusters” versus “racial groups,” from the data
of Wilson et al. [2]
Genetic clusters Racial groups
Allele frequencies σ2 Allele frequencies σ2
Locus C A B D African Caucasian East Asian
CYP1A2 0.60 0.66 0.69 0.59 0.0023 0.58 0.68 0.67 0.0030
GSTM1 0.31 0.47 0.53 0.45 0.0087 0.33 0.49 0.52 0.0104
CYP2C19 0.27 0.09 0.37 0.25 0.0134 0.22 0.08 0.354 0.0182
DIA4 0.19 0.22 0.11 0.53 0.0340 0.21 0.21 0.32 0.0040
NAT2 0.46 0.74 0.17 0.33 0.0582 0.58 0.74 0.15 0.0931
CYP2D6 0.70 0.53 0.39 0.42 0.0197 0.70 0.49 0.37 0.0279
Genetic clusters: C, primarily African; A, primarily Caucasian; B, primarily Pacific Islander; D, primarily East Asian. Racial groups: East Asian denotes
Chinese plus Papua New Guinean.
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How many loci are needed for clustering?
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Gene-environment correlation and confounding
- the real problem
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Box 1
How many loci are needed for clustering?
Suppose there are two populations, P1 and P2, and n biallelic loci with alleles Ai and Bi, respectively. Assume that the A
allele is always more frequent in P1 than in P2. Let the frequency of Ai in P1 and P2 be pi+δi/2 and pi-δi/2, respectively.
Thus, the average frequency of Ai in P1 and P2 is pi and the absolute difference in frequency between P1 and P2 is δi. For
a total of n loci and 2n alleles, we then construct a statistic T representing the total proportion of A alleles for an indi-
vidual across all n loci. Let T1 represent the T value for a randomly selected individual from P1, and similarly T2 for an
individual from P2. The statistic T is used to determine population membership. The degree of overlap in the distribu-
tions of T1 and T2 is directly related to the misclassification rate. For randomly selected loci, it is reasonable to assume
the pi values are symmetrically distributed around 
1–
2
and the average value pav of pi across n loci is 
1–
2
. In that case, we can
employ a threshold of  1–
2
for T, so that for a randomly selected individual we place them in P1 if T > 1–
2
and in P2 if T < 1–
2
.
An upper bound on the ‘genetic misclassification’ rate mis can be obtained by the following formula (assuming equal rep-
resentation of P1 and P2)
mis = 1–
2
Pr(T1 
1–
2
) + 1–
2
Pr (T2 
1–
2
) (1)
As a first approximation, we invoke the central limit theorem and assume that T1 and T2 are normally distributed. The
mean value of T1 and T2 are simply pav + 
1–
2
δav and pav- 1–2 δav, respectively, where pav and δav are the average values of pi
and δi across n loci. Similarly, a close upper bound on the variance of T1 and T2 is given by σ2 = (1-δav2)/8n. Formula (1)
above then translates into 
where φ is the cumulative normal distribution function. Assuming pav = 1–2 gives
To determine the number of loci required for a given misclassification rate mis, we invert formula (2) above, substituting
σ2 = (1 - δav2)/8n to obtain
The number of biallelic loci necessary for a misclassification rate of 10-3, 10-4 or 10-5 is given in Table 2 as a function of
δav. When δav is high (> 0.5), 20 or fewer loci are adequate for accurate classification; but even for δav values as low as
0.2, 200 markers are more than adequate.
1–
2
- pav - 
1–
2
δav - 1–2 + pav - 
1–
2
δav
mis = 1–
2
Φ ——————— +  1–2 Φ  ————————σ σ
δav
mis = Φ - —— (2)2σ
[Φ-1 (mis)]2 (1 - δ2av)n = ————————— (3)
2δ2av
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Table 2
The number of markers required for clustering as a function of
the misclassification rate (calculated as shown in Box 1)
Misclassification rate
δ value 10-3 10-4 10-5
0.6 9 13 17
0.5 15 21 28
0.4 25 37 48
0.3 49 71 92
0.2 115 166 218
0.1 474 687 901
Table 3 
Median δ values for different racial/ethnic group comparisons, from data of Dean et al. [29] and Smith et al. [30]
All markers Top 50% of markers Top 20% of markers
Groups SNP STRP SNP STRP SNP STRP
CA-AA 0.17 0.28 0.24 0.36 0.37 0.44
CA-AS 0.17 0.36 0.27 0.47 0.37 0.59
CA-NA 0.21 0.29 0.40
CA-HA 0.18 0.27 0.34
AA-AS 0.20 0.42 0.34 0.52 0.46 0.59
AA-NA 0.20 0.36 0.48
AA-HA 0.27 0.36 0.43
AS-NA 0.16 0.29 0.42
AS-HA 0.32 0.42 0.50
Groups are as follows: CA, Caucasians; AA, African Americans; AS, East Asians; NA, Native Americans; HA, Hispanic Americans. 
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Figure 2
An example of confounding and a stratified analysis of environmental and genetic factors. Here we assume two populations (for example, races), groups
A and B. G1 and G2 represent dichotomous genotype classes at a candidate gene locus (here one of the classes represents two genotypes for
simplification, as would be the case for a dominant model), and E1 and E2 represent two strata of an environmental factor. (a) We assume that the
probability (P) of trait D depends only on E, so that the risk of D given E1 is 10%, versus 1% given E2. In group A, the frequency of G1, G2, E1 and E2 are
each 50%, whereas in group B, the frequency of G1 and E1 are each 10% and the frequency of G2 and E2 are each 90% Then, within group A, the
prevalence of D is 5.5% whereas in group B the prevalence is 1.9%; hence, a racial difference exists in the prevalence of D. (b) We next consider the
prevalence of D within strata defined by G and E. First, we assume G and E are frequency-independent within each group. In this case, the frequency
difference in D between groups A and B persists within strata defined by G, but not within strata defined by E. Thus, the environmental factor E can
completely explain the racial difference between groups A and B, but the genetic factor does not. Next consider the case where G and E are completely
correlated in frequency within groups. In this case, analysis stratified on G or E eliminates the prevalence difference between groups A and B, and it is
impossible to determine which is the functional cause of the racial difference. More important, consider the situation where factor E was not measured.
Then for the first scenario (G and E independent within group), analysis stratified on G yields the correct interpretation that G does not contribute to
the racial difference; for the second scenario (G and E fully correlated), however, analysis stratified on G would lead to the incorrect conclusion that G is
the cause of the racial difference. P(D|G1) denotes the probability of disease given an individual has genotype G1, and similarly for G2, E1 and E2.
(a) Confounding
Group A     Group B
Frequency of genotype: G1   0.50 0.10
G2   0.50 0.90
Frequency of environment: E1   0.50 0.10
E2   0.50 0.90
Prevalence of D   0.055 0.019
(b) Stratified analysis
G and E
independent  
G and E
correlated 
G and E
independent  
G and E
correlated 
Stratify on G:
P(D|G1)    0.055  0.10 0.019 0.10
P(D|G2)    0.055  0.01 0.019 0.01
Stratify on E:
P(D|E1)    0.10  0.10 0.10 0.10
P(D|E2)    0.01  0.01 0.01 0.01
Group A     Group B
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